SUMMARY
The object of the study was to reveal the fiber microstructural response with diffusion tensor cardiac magnetic resonance after intramyocardial exosomes secreted by cardiosphere-derived cells (CDC EXO ) in chronic porcine myocardial infarction. Porcine with myocardial infarction underwent intramyocardial delivery of human CDC EXO and placebo in a randomized placebo-controlled study. Four weeks after injection, viability improved in the CDC EXO group, whereas myocardial fiber architecture and cardiac function were preserved.
In the placebo group, fiber architecture and cardiac function declined. Myocardial regeneration by CDC EXO is not tumor-like; instead, details of tissue architecture are faithfully preserved, which may foster physio- These endogenous nano-scale lipid bilayer vesicles mediate cell-cell communication transferring microRNAs and other contents specific to the parent cell type (12) . Exosomes secretion from CDCs (CDC EXO ) is necessary for the therapeutic benefits of CDCs, and CDC EXO mimic the benefits of the parent CDCs (13) (14) (15) . In a porcine model of convalescent MI, intramyocardial injections of CDC EXO are beneficial by reducing SS, halting adverse ventricular remodeling, and preserving cardiac function (16) , exhibiting a similar therapeutic benefit as intracoronary delivery of CDCs (17) . However, the underlying mechanisms behind the regenerative properties of CDC EXO remain to be revealed. One key feature of adverse ventricular remodeling during the healing phase following MI is the disruption of myocardial fiber architecture (18) (19) (20) . It is currently unknown if CDC EXO Nguyen et al.
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large animal disease models (30, 31) and in patients (32, 33) , which is even more technically challenging because of higher resting heart rates and subsequently more bulk motion.
A recent technical advance in compensating for second order bulk motion, which reduces the sensitivity of diffusion encoding to velocity and acceleration, demonstrated feasible DT-CMR imaging in healthy volunteers and patients with heart failure on a 3-T clinical scanner (34 All subjects undergo MI reperfusion and after 4 weeks of recovery CMR is performed to establish baseline. After CMR scan 1, one-half the group is randomly chosen to be injected with CDC EXO and the other one-half with a placebo. Both groups undergo a second CMR scan after 4 weeks post-injection. CDC EXO ¼ exosomes from cardiospherederived cells, CMR ¼ cardiac magnetic resonance; MI ¼ myocardial infarction.
Nguyen et al. HISTOLOGY PROTOCOL. Following final CMR scan, the subjects were sacrificed in the operating room.
Hearts were excised and placed in formalin for 3 days to ensure the heart was completely fixed. After fixa- Table 1 ). (Figures 3 and 4) . (14) 46 (18) Post ( relation to the short axis plane (defined by r and t) and tangent plane (defined by t and u). For normal myocardial fiber architecture, the helix angle smoothly changes from the endocardium (red) to mid-myocardium (green) to epicardium (blue). This transmural change is roughly linear and can be characterized by fitting a slope through a plotted against transmural depth yielding the HAT. For infarcted myocardium, the myocardial fiber architecture in the remote region exhibits less right-handed fibers in the endocardium (a > 0) with a "flatter" overall HAT.
(C) Representative image quality of the DW images from a single placebo subject before induced MI, baseline MI pre-injection, and post-injection. The DW images were used to reconstruct the diffusion tensor and subsequently used to derive HA. The white arrow points to the center of the scar. a ¼ helix angle; DW ¼ diffusion-weighted; HA ¼ helix angle; HAT ¼ helix angle transmurality.
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were found to have modest interaction (B 1 and B 2 ) with a normalized covariance matrix value of À0.62. Nguyen et al. 
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